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I K0'

PSYCHOPHYSIOLOGICAL EFFECgTVFAGING: DEVELOPING
A FUNCTIONAL AGE INDEX FOR PILOTS: I.

A SURVEY OF THE PERTINENT LITERATURE

1. Introduction. InI order to arrive at. anl appropiaOffte approach

Iluiman agring~ is a lbiologiCal 1)lienoiienonl w~ith to siich anil effort. it is necessar.N to collect data

1)rofoIinld imll~~icat ions not oni]*v for* the ind~ividlual onaerlated functions and to analyze them inl
])lt for societ and~ tile generl pliaswl. regrard to their gvneral and op~erat~ional validity.

Its coiiseqiiences range froml altered strucl(tures( This approach seems prmsm It' mIay also be

anid functionls of thle comt ponent tissules of the I-ssbh tomntrte gn rcssi a
1 Odly to an altered relat iolsfilip of tile Organism or. another or to accep~t O'.eviations from ;in estab-

if, i~fs phYsical and Social enivinoitinelut. lishIelv liorl-1ili (1 oll r Several dlimenisionl as at

[Ii seies f aticls dalin ~vth tlie~*~l t rit erionl of loss of vitality. pr)ic'ele~~'(y. or of

of tilie N'or-Inat iy Ain St 1(1 cond ietedl by the illcahlacitit ionl. Funlctionlal ag,, e coulid then be-
\eterns diti us rat iosnt-~tin~f(i t'~ COi , a Useful and convenlienlt conicept wh~ichl

Veleraii. MAssachusetrtils. t lie ctivilt faciityr s iltCl coull(l 1we applied to problems of variable retire-
Boher be ie that agi ii is. nte a unit ar'hito srocess iient . for examiple.I

adthai )l(fthat. a given cis riono ial :1 e an ' -prcs The purpose of this paper is twofold. Fi rst.
Vi~ll Im~toya ~ el thonI)eoldergica yuge ini w suirveys tile. itat erial h1wesent ly available onl

vaious . 1:1Y apea r to' bsxet ofde or' Ynl.C l hisl tile :1 gce and; aviat ionl-related psycliophtysiological

I irigtiiV fa as .1rlal~pO ol fuinet ions. Sveomitily. this, sun iiiiar1v of results.
ologcal age el abl indcatr ofgern - obt, liiiv(l froim long-iti11(1 ial and cross-section~al

too-clchanges hats led to tilie derivationl of
(lieconeptof unciona :Ir . jjl-jjstiutlies concentrates oil research (data. that have

the conceptd ounittv functmaonal whge. cal be.acoim
dates ( lie fact thait. personsi age at different rates ieed uataiv ifotitonwchcnb

alog ti teicit Ii iinsins.' '1w t ritev If isplayedl ill grpis)1. curves. and mnathemiatical
funtioalageree~irel i threorea ii ethti ~) - models. A few emaiiliples, of these are givenl to

hect ing- dat a on gerlae I iological. 1iliysiologri- illustrate tihe poinit. Thle .N11Shw material ob-

cal. p~sychological. i111(1 neurologrical imovesses *iitll(] ndb ayil etia t n i ilgcl
ruinict iomis and ait correlating such dhata w~ith phsogia. )scilgalan neiooic
t'liionological age. Funcjl(tionlal atre istlI fim ions ai-lpocesses. There i esnt s

hl(iouglt. to eV a1 conlipoSi te Of mlanyV agc-,"elat ccl suitm tethat t hese Inleaso itmeiet s canl lbe coll1 )inedl
?ie-irswiihcn1ica~~ocic h o h ill ccii am caises to b~e relIleSetitatiNye of i liea gii g

statistical ailalySis32- miovess wit bin a cert a ii targ~et popul atloll. ll
T'he uiltimatv ,,oal for the (estab lishmuent of Our case. tilie targ(et. l)ohmilatioil consists of pilots.

finctinalay 1T liemce. those mteasuiremnents a11(1 statistics are
tuno ioesnae agee asic ar asosocianed mstir or t

predict. the 1biologrical Or. in oui'l caso.. psycho- lrsmtelhr viiliaeascm ~ i to
bhoughti to (Contrnibuite to thle behiav ior. perforiti--

ihiysiological cllangeVs 1based onil tut I itaslive-
lii(' f~ rfcele faicatplos hs

mtent.s obt ainuedl fromi individumals or group~s of e i~ loliic I iirf ) os lhs
dat a are grroipe as follows:()slsr iic

inli viduials at various polints of their life spail. .i~~ 1 elo' nc
I fI 1v v rilisf ictiov~lla-epont of.1 ersn iouis. (2) pei-cehptilii fuinct ions and l Pocelsses4.
1 I t ie arius uuict o'il ae piii s f a ~ () Ilteiltlll :111(1 ogilitjj-o i req -e~ ()nuo-

wveie period ically (let erliilied. such cal('1101 ge)se
phyVsiologic(al fitnet iou, and (5 ) l) erI s o ilal1 it -

(.011](I be detected an1( Inlterpretedl as to t heir traits 111(1 st lid tIlle. Th'le age-relate(l Chiani(res
operationl itupi iat jouls.of t hese variabl es or' pariameiters and t he tlieoreti -

Tue tS-i.titmf of iE. .Tvaii (;ritnuc in jicrviiring, this cal and( experimtental st rat egies for their investi-
itiatin1scripi f(1t- pnhibiv.itiucm is gt':cifuhify acktiwi~edgzic. -.at ioil anid Ilse will1 be discu1ssed.



11. Sensory Functions. wNithl age an1d shlow a s1 r decline ill Ohier

A. Vision. It. has mlong been known thiat seni- p~eople lc~ifd So does thle extelut 0r size~ of tite visuial

sory functions (deteriorate With increasing agr ?il.1 -h etpt ge4 etI ecp o

In visuial p~ercep~tion, almost all of the(, functions (srepi) anges vheryeaitler., nitcrie ate aom
and pr'operties of t]e ey r fete.*I f mch faster aetcefe'. hr r oi

the best-known examples is loss c~f acconitoda- indications that, the mechanical effects of aging-

tion or senescent, hyperopia (presbyopia) :i.e.. ill the aniterior. segmIlenlt of the eye occur earlier
thie. ability ofteeye tt) fou i bet tvr- than those affected by mtetabolic changes. inl the

of1 th fcu bjct retina. Both static and dyniamlic visual acuity
lug isaces. Precise accommodation curves

wer obaind b nnnyinvstiatos.21. 2-Ithe decrease. after agre .54. p)rob~ably (ile to changes

show the veiry early dlecline of accommuodation 1.In eflicieuc~ of the visual apparatus or its fuuc-

and the steepest sl01)e (luring the 40- to 550-yea tionlS.3

period. Similar decreases, but. not. as early and AVn examp~le of the. effects of ageon ()tvision
(Irast~ic, are found in visual acuity and the mini- shio-vint, the (lecretise in the. ampilitutde of accoto-

inum lighIt threshold of the (lark-adapted eve, muodation is given in igre1

which occur p~articularly] (lurin(r the 60th decade, 1B. flarbing. Very accurate hearilmr culrves
andl in the mean pup~il (lianieter."); The latter have been plotted over the ' ears.'- -S There is
oneO is involved in the process of accommodation, anl age-related di mmiiSnishing of the( general audi-
The rate of adlaptation (i.e., the change in the tory senisit ivilv (total anld relative) and a hevaring
sensitivity threshold as a function of time in the loss especially for the hig~her frequencies (above
(lark) is, like pupillary size, contraction latency 2,000 I-Iz). but the veryN low frequencies (below

p~eriodl, binocular fusion time, and color vision, 100) are also affected. It appears that nmost
only mildly affected by aging. Responses to indlividluals above agre 40) show some loss of highrl
flicker and flicker-fusion frequency also vary tone perception. Recent research inl this area
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vonicernis tile ass5ociatedl processinig abilities. since, the Mfackwortli clock test. for instance,~ older"

tile 'ILt" adiiry yst m has dCellM'tI capaci - subjects were founid to 1e as "vi rilant" as the

ties in integrating Inl( mid~erstandlinig distorted yong(Ilqer ones. 1 iit their p~erfoirmance dlecllined

ii essages evsen Iin persons whio have reaivl ni(,Iificantl v after 4.5 iniiintes. This dleficit iii

niormnal audioinetry: . Ini a delayed speechi feed- visual p)erforiiance of the elderly was Particli-

back exp~erimuent. it. was found that tile. ounger- larlv obvious when stiimul i of short duration (1

subjects were less affected by the dlelay than the sec. or less) were applied."1,
older ones. hut the differences were mlinor.'' nrn a "p)aced inspection task:" sequences of
Similar results wvere olbtained in a two-click dis- letters and dig-its were pre(sented to subjelcts -Who
crimination task. Thle performance of persons had to imonitor the occiii-irence of consecutive
of (liflerenit age groulps Onl at dichotic listeningl letter-S q-r digits. Thle agre-related impilairment of
task show-ed that recall dleclined with increasing(_ performance was most pronouinced after age 60.2

ag.The deficit was predominant for thle left- It. was suggested that this typ~e of performance
ear material."0 Ini an attemipt to (levelop) an caun be. improved if the information is simmulil-
aimoitory functional agre forimula. 16 (different taneousl presented visually ind auditorily in-

audlitory variables were iiseol in a mnmilti 1)le re- steadl of onlyv visuial lv. Suchi kind of p)resentation
j~resimlaalsi/ h 1 hghst anin cr helped the Older p~eop~le more. because the age(-

relations r-ange d from .40 to .2-5. the two higheost relatedl redluction in inforimmat1ion processing" ca-
heimm-'r air comdi~ction at 8.00(0 IN and speech io- 1)ojt ( ommmpeuisnt ci bN' melegaIt jug tlie amnitol-y
ception threshold. All correlations olbtailedl ill se~uience to l kind~ of svconldai.Y task. By split-
this eXper-iimment clear'l vconfirmIl thle well-known1 ting thle total sequjential pl-ocess into two p~arts,

hearng leceiientobsrvel i th vaiou ?ag performance, in the prinmiry visuial chanlnel can
grloulps. An exp~eriment onl thle effect. of agre on l iemuaintained at a1 highr levl.
thle. percepitioni of vibration showed that the Iii viewy of the fact that percep)tions are uisuallY
threshold of vibration sensation rose with agre.17  rlansformnled into cogn~ition an1d ac-tionl and thlat
The log-arithmns of the threshold values wvere di- thiev- are also closel eae o erlgcl

rectlv~el proeorttona to age. an the stnclar.
rectl proortinal o ag. an] th stadard psy-ch omlIotor, and central inleclianisimus. coimplex

dleviations increasedl pi'opoirtionall.. There also ecpapresshvebnlindtoici
is a correlation between chronological age in(l concepts as informiation and] commuinication
voice, chiaracteristics. A "classi~cal" hleal'Dring theory. Timing-( appear's to lbe an impihortanit
acuity curve, as affected 1w age is shown in fato involved inl these ujechianisius. althoughi

Fgr2.experience andl strateg(y may pla , a certain role

III.~~~il Perepua Ircsss incomnicating and information piocessiiiir.
Since, thle, Observed are (difference bet ween younglo

A.Daa tcuMon. gereatd hage ?In and old eorsons, are neither consistent nor verY
perception are not. necessarily caused by* . or even l .
related to. chang-es in the. senlsory fuinctions. lage i.t is hypothesized that. specialized training

While sensory stinmuli may include elements of Ynlete~e Iatceel b th *yoira peformolder
stimuluis inteotration. interpretation. andl jiiilg- P()1o)le. mnaN ]hOP to kel leiiCefomiic
mient, which contribute to the oletectabihity. pr'o- (lfctatamiiu.

cessing(. anol application of the sensory iniput, thle 13. Infotrmation Proee.,?Rsinq andl Ohanntl Coa-
stimulus or dlata hlandling process is very3 coin- /wcity. Information theorY (heals with the

plex andl canl pi'oceed indlependlently of the aiiioun11t Of unc'lertainty* involved in anY' commnuu-
origin al inpult. An exaiiphle of this p~rocess is nication process. It is based onl thle assumption
thie. vismimil illuilsion. wh'lich is ch aracterized 1) the thiat, the hiuman brain isai ather noisy coniumui-
false inmt emj netat ionl of a reail senisory. in maI~.re or, nicat ion chian nel aind tHIMt signlal detection pro-
iImilrcss~ion. A di fferent buit related factor inl ceeds statistically in that the cog)ntive imiecli-

h~ece~t onistminej; e.gr., informuation anisins always test hyvpotheses. so to speak. in
t.i inc. IleSpoillS tinmie, an1d thle ti nuingr of senlsorN order to (lisciiinimiate between nloise and signal.
ipl~iit. Ohici'- pers.,,mms need longer xosr t iuue It is clear that the t imen avail able for sitrnal
for foum ileuiti fica tioii. Iin experimiienits using sa mm uph ing, andl pr-ocessing is, v-ery important foi
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Fummiu 2.-Age changes in the aculity of hearing. Note that: (a) p)oints deduced from Sin11i] frequenicies, hear the
ternminals of the raltn eare marked by clear circles, and a Ieavy circleý is showni relilacilig several such points:
(b) the standard deviation (7 of thle (lep~neitnt variabile is indicated so that the extent of the total variationi
of one chiaracter wvith the otheir will lie readily appa ren t. ( Reprodliicod with peru 11iiss olo frill Dit aggra in I ill
Kogai, Y., and (,. M;N. Morant: Onl the IDegre of Associationi Betwoeen Reaction Times inl the Case of Differenit
SSenses, BIOMTETRICA, 15:346-372, 1923.)

thle, ouitcomei of this type of signial dletection. Recently, investigat-ions of the effects of back-
Experiments aimiedl to throw sonme light onl the ward nionoptic an(l dichophic visual noise mask-
tilimin characteristics of this pr'ocess furishIlled ingo also shlowedl that older subjects were 11oore1
somle. interestin., results about the task load, affected by visual (distortions thanl young!.er sub-
RjapidI jil(lgliients and decisions had to be made jccts.20., The authors1 coniclude that. this effect
inl the ill( em~pretat ionl of a large variety of signials. seen isl to be. at-. least p rtl .v. atE ribultable Io a-,
While there Was no Obvious slowiln.- of the sub- chiangles inl the central Ipercelptlll mllechanisils
ject"S response tbitei to tilie stilliul i. subjects Over inivol ved inl thle processilng of sibznals. Backwalrd
410 ,vea'sl" of age, wvere relatively mlore suisceptiblel maskitig- studies of vari ous. kzinds seetin to hold
to inifolriltuation overlc-ad than thle volunger onies. Conlsi de rablev promise for thle asse~ssment of thle

par icullarl *vwhenl thle task inv iolved thle prslc peli plielril and central cotnlponlenlts of ager~ cjlianmeýs
of temtporally contiguous (or masking-) sinasio n iua essnlr.
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C. Reactiov. Time. Simple reaction timev (RT) over) ,rn1 There is also evidence that tile older
(i.e.. making a response to one discrete stimulus) individuals responded relativel.v slower to) repeti

lbecomnes definitelv slower with increasing age. tive. stimululls patterns thanl to chang-ingr stinmulus

Reaction tine curves and miathiematical expres- pattern.,. TIheir longeor reactio01 ti me reflects inii-

sions of this function have been known for more paired efliciencv in inlitiating"' muotor responses

than 50 vears.11 Relative to other functions. re- rather thlan inl discrimlinating- betweenl tile visuial

action time appears to mature early, reaching- its stimnuli."11
minimulm at. about age 20. It. seemis that even in B esrn ~ollteso epnewt

this simple stimuilums-response iiichanisiiil, centrI word-identificato tetitwsfud hath

pro'cesses play an implortant part.. Choice reac- older subjects gave fewer resp~onses. This was
tion. times are always longer than simple 'RT at prob~ably due to the slowing of the Iporceptimla

all ag-es. 'When choices between several possible priocesses involved.5 9 ' It now seems that wvith

responses ar'e required, an extra timei delay has, iresn age the 1 )rocessing- of the perceived
lbeen mneasuredl with older smibjects.-- Ii exl)Cii- information and tile mionitoring- of ong1oing" me-
ments includ~ing complex r'eaction tasks. the older sponses cease to be integraftedl by the central
test. suibjects were sigrnificantly slower in compli- nervous system as efficiently as du~ring the

eated test situations than the younger ones, par~- younger years and that tile two stepls may have
t~icmmlaml -v whenl thle. tests involved reversing (, omI to be un (lertakenl Sequen tial ly rath1 er thaln simu ul -

chiang~ing tile. previouslyl larned stimlnumsl"/ tanel oulvJ%7 7 Th'lis is ill ag-recirenit. with our earlier.
response relationship of thie si~gnals.)11 There statements. In a mlore recent. study involvinl-
were no significant. differences bietween tile stimulus repetition ill a two-choice exp~erimnent.
you n~ger (20-28 year's) and( tile older (48-62 it was found that reshionse latencies increased
Years) age. groups in motoricallY respondingý. to with iage and that thle older individuals7 lonero
the various tasks. lbut the information processingr response tilulcs reflect impllaired1 psYclionuotom
rates were different.: 13.7 and 10.6 bits/sec for rather thian doci sion-iuaki iig efficioency'." Since
youngrer and older subjects. resplectively."- Whelle prev-iousý resullts sugetod 1t111 t ulotorl factor.,

tes.,sujetshad to muake one-syllable responses were. not ad versely affected during such tasks.
in rde toforlltwo-syllable wordls. tile, choice the ambi~iiit v ofthe resuflts silexists."Tw

RT's were found to bue lower in older than in examlples of reaction tuime curves as a function
younger subjects. The difference l)'etweenl simple of aire are g.iven in Fi~ie3
and complex reaction timies was greater for the D.PSy/0?QO Pfre ne.1.no'y ~'

older thanl for tile y'ounge(ro ones."'- There were ceptual, (decision. andl ulmotor' lro'ess(I are inl-
some. speculations' that. ( flie older suibjects were v-olv-ed in ps *yciiomuotor p~erfor'mance. All are
more affected 1w tile length of tile. alerting period mir rls fetdb ii~.I a on
(i.e.. thle, timie period biefore the stimuli 'were i al xe'uunstltallleculle oo
piresented), b ut. it. -was found that. tile older pei-- l al xe linsta loe ope oo

son (id ot 1-onfitfrm etedin te aerin response. canl in somue wvay enaille Coillh) eisatilom
son di no. bneft. romextndig tle lering of anl otherwvise slow RT. Experimuents in whlicih

periods or other advance information. A, (e cmlxsnoioo oriainwsrqii
changes, in chioice reaction tasks, also manifested I~i-~si~'ipoone eiiswt g.I
themselves in increases in errors andl increased particular. slowing. (If speed was observed dii riilý_
variabilit~v of RT.2:' Long-terin verbal hlabits.
as measured by tllese word-association tests writingt dtemie h finger tapping n taknl".11.1i
hlowever. facilitated thle performance of the older An exleinet todvr.iuh l~.e-ap

subjects onl some tasks. This shows that they, mate 'h' alterna .ting ibetween two tars'rets silowell
to ~that. the mrate iminpovce inl accuracy and~ Speed

Wer'e Moore inchined tothink in realistic terms fomute 0tiote thyaman hratr
thanl I lhe ý'u u e uhrcts who were Iluore oriente fe(1h 0t ote3th*va ndteefe

towar~d abjstract. tlliinkin.11 declinued with agre.'" No signli fleant :lge di tier-
In anexpei unct ii volvmn~zvisu. ml'es were found Withlin the rangeV of 17-41 Nvear's

thle.twneddt d iscrm'ini mate and thlen react ag.1(e onl t lie USAýF Rot aix I )iiIrSuit 'l'eSi.'1 Inl

imuproved1 firomu a 1.5-16 ,year group. n'a('hed its aui1otelieu xper'imueint. tilie t est sublject. shlad to rv-

peak ait .30<5)' Years. and then decl inedl steadily spouid to cit her' toiule" -i vei iomall v0111"11 ill occi

froimi .1-40 veal's to tile old(est grouu p (70 and camr om' to voic ouii us1ieet~ iaurll



. 000( A slower iii ('oipl('x taskcs than during a simpl~e

.0 5 06)erforimance test. YXounag subjects move OV nlilor(

rapidly with the 0.1 10-second stimuluhs, while
0 older siil)]c~ts mloved relatively faster When a

w 10 2.0-second stimuluhs was presentecl.112 Tn g-eneral.

D20tlrecto tile, per'cep~tual mnotor' peirformance of the older
.20 - -- - - -- - - -- - subects was found to b~e sub~stantially wvorse than

I- / Fo rato that of the -Nouinger ones. nhis difference was

.30Il( p ueIaiticlilal'ly to the longer time required for

.350, 1 dliscrimination of thle, stininului- and( the deccision-

8- 12- 16- 20s 30s 40s 50s 60s 70s 80s making, process.- The older subjects also re-
11 15 19sponledl more slowly when advanced1 information
Age in Years signals Were presented. These data suggrest that.

older p~eople are at a considerable (disadvantage
whlen ,opingi( with new test situations and acquir-

_____________________B______ in(,, new skills, since they mu st learn to predict

.1- Digital extens jon-flexion speed 45 further ahead inl timte than their junioi's in order
.11'~ to be efficient. The hetter performance of the

.0 ;RotIary -40 v ederly inl certain laboratory tests was (due more
motility-do. to thpir increased eagerness- to perforni Well than

~ ' ~ Ro hand tO their perceptual miotor capabilities. Tihis may
1 .0 ocot iii ty-sub. 30 not he, of h)elp, hlowever, inl practical situlations

1.25- -ad25 0 where the ability to anticipate is essential. Func-

Manal eac an grsp ~ ~tionlallv. tlwý inferior performuance of thle elderly
> is interpreted as reflecting, a slowingo of tile( g70n-

8- 12- 16- 20s 30s 40s '5Cs 60s 70s 80s ~ i oiiol on naw~evreyo

With age. 1 1 ', 112 Whra itrcodnin
FIGUt'm' 3.-Age, cliangvs, ill the speed of reaction tille, sesls'afcd Wthereagin potros.pror m-ato

Graph A-dirzital a11d foot reactions comlpae. (ell- raphif~~ 'Vtl ffn"pOCs.li-oi

B-four types, of hand and filuirer realCtionls cnjrd. ance. decrement is m)ost appar'ent in functions
(Adap~ted from Figuires 4.2 and 4.3 in I Dennis, W.: 'which i'equire v-isiial muotor responses Oir whlen
Age, and Behavior-A Survvy of the Litera~ture. USAF" Speed1 is Of pa1rticulalr importance. Ak certainl
School of Aviation Mledicinie, Ranidolph Field. Texas, amlount.oth dceintnlschuotrP'-

P.N.2-2200,15.Oiia iue rm formances includes tile mental or thinking part
Miles, W. 1R.:M'sr' of Certaini Ahiliities Through fi-

ouit the Life Spaii, PO EINSOF , NA- of thle processes inv-olved. This canl be found
'IIONAL ACADENMY OF SCIE-NCESs O1F''h even inl exp~erimiental results, whichi show a wide
UNITEI) s'rATEj.s OF4 AMERICA, 17 :627-633, 1931.) iang,,e of intlividliial differences.,,

The, effects of age on the 12 ability tests of thle
in ea 1)ioes.Th olngl' li)JC('s ics~oi~l~l Geneiral A1 )tifiude T'est Battrei'A (GAT13) were

sign1lificaiiltl V faster tlhan thle. older ones to b)oth eaine as _ t. of thle 'Noriit.v] Agngtd
typs O 4iniil . oi'o~'r.til (llli'Cit'' ll ~' All scores showed hlighly siozniflcant (leelinles

sponse timte Ibetweenl the directionally presented with age. bult thle miagnitudes of thle (lecreilet
tonle cuies and thle voice ('ties weesignificanitly d rrdgea vh otafetdI i ments tl

greatci' oi' tlie 1(1(' 1)ChI(.iI2psyclioniotor te(st requ iring tile (1iqasseinjbl i ug o
Whieii t li e ffect. of task coinplexi ty anld Sti to- 11 simlple. mechan ical ga(joget. Performance on1

u his" duirat ion onl percelpt1, lal otor pci'fori uianlce thev three lhi lit .' tasks. namely Dissemble. TIool
Was Stuldied ill IN- wo d iplarte ag~e gi'olips. tilie MacigTlllIi'i'.wlc ~hiie a

olde'r Sithle~(cts reac'tedl 30 perc(ent sIowvei :1111d lipiiul at ion of smiaIl 1Objects. accounted for about
iiiovd 76 pei'cen t s1loweir thanl you iger(1 olies. 2-5 per'cent. of the val'iabilitY' inl chi'Onological
Bot ii percepIt ion t itile and mo ivemient t ilinc wei'e a~r.1
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There is also somie evidence that there is more of trainling~ thlat tile V01illi I-l slliet iai
than one. speed factor involved inl psychonlotor sig-ni ficantly fewver errors thani did the older
p~erformanace anl(l that the speeds1 of perceptual. trainees.15 This seenis to ind~icate a greater sus-
motor. and( complex cog-nitive functioning- are Ccpt~ilbilitv to negative, situlationlal tranlsfer. or
relatively independent of one another. In a miediationallv deficient funictioningi~ with increas-
complex experiment, performed to throw some ingr age.
light. on the interaction of these functions, it. was Performance ,cores mid1 learning cur )sI)-
found that. the older hidividlIals p~erformned more tamned wvith the U.S. Air Force D~iscrimuination-
ploorly than onl certain tests r-equiring s-peedj. Reaiction Tiime Apparatus (leclined steadily after
Agrain, information p)rocessing was 111(1st affectedl aot~ er fae.Ae etdfo h

an~ (ld ie~l~vih ae.' Exerient coflriie l 1iterat ure. the classical 11011iminotonic age learn-
a, similar decline of vigilance as part, of a psycho- ing function was fouind in these experiments
miotor assessment. Older test subjects' 1)CI-f0Pl-1- (i.e.. that cap~acity for learniing decieases with
ance dlecreased1 more at the fastest speed used age).
than did that. of the youngrer ones.,'' In another r'[lie reason for tile redulced ability of tile
st~udy mieasutring tile response speed deficits and1t '' ~ ~ .lite~ecimi1inth e~llly.itelderlyt prop1erly earia. iecal. and process MIN

ijtletilperformlance intl lel. i a informlation miav Il'e (lue either to thle (limillishillg,
-l te( that a ila c p or proport ion of intellectuaIll (a aIy ol the aging11(ra l to fonui1 structu red
(eleCill&' ill o1(1 age-r reflects po('1foraii1lce rathl, t races of the inicojlill Illes~eo ( 11 lr-,I,
thani comipetenice. dleficits."' It was also hlypothe- inll ill-al *llis as prville55ag or to .i itel rease3 klszdthat older subjects miake 1best uisc of their atep t m rove thesl lerlyotimle~it of.- All
capacities fihroulghil unlconscious (or consciouls) eldderly 1by tht' admi nist ratiomi1 of a dII II(ru.
im provemuent of thleir p~lerformlance (i.e.. they rpalo. as anl aultonoimlc niei'vom1 systeii
tell(] to a(lop~t tile oImtiiiiuiiii sti'atpqegv to solve a stimullanlt, pvielqj~rjp
problemi more readlilY than (10 the youngl~er ones). .Ie rmsn eut)
However, all eX pVli'i merit on r-isk Ink~ijgr shjowedV B. Mlem ory. Shiort-termi ii 11e11101'\ -eenerallyV
that. tile older sumlject s' pcrformiancc did not in- shows a relatively, slow declinle, after iiuaturlitiv
prove through unconscious optimiizat ion Whlen and a, iiarked decrease (luringl~ thle siXtiesm1(
coampared1 to that of tile younger --roup. seventies. particularly in tests using unfaiiiliar

mnaterial.'I2-I22 W'hile~ there is experimental cvi-
IV. Mental Processes. dence tilatr retrijeval timie beCcome1sslwr a com1-

A. Lra~ranhr. Tile abluity to retainl new inlfoi- Ilarison w~ith perceptual and iesponsiv factors
mat ion in a readlily alccessib~le state deteriorates i?-lcae, thtpeir erhngtti sls g

wt nrai-age'. I'lsdciehsbeen at- elated.)'-1 Ill order' to find all answer to thle

tmrihuted to an illpairitmint oIf the mechianismis storage versus retrieval dleficit question. series of
active either in the acquisition or the storagre of exeietTe' olut~ sn eea Pinew information. andl there is evidience toi support andl recognition tests. When simplle and complex
hoth theories. It. seems quite p~rolbable that ef- vsallrtei ve'ap)i(.g-ratl(ec-
ficieiicy (leelines, in all steps involvedo. namely unents in short-term memory ivere lleterminedl.
acqluisition. stol-agre. recognition. and recall. A Teitiato navr on~e ine'wt
serie4s of experiminents, in 1)aimred-associate learnim!g other v-ariables. such as. stimulus condition (paced

has erionsratd tat he apaity'toacqire or self-paced). complexit~y. exposure, time.v etc.
niew verbal informiationi deter~iorates with age '[le analysis of tile encoding p~rocess (didl ot
faster thlan the, other processes inivol vcl.'ý" Conli- suggest a'reible reaIosiletensr-
Ilarisons, between ver~y ol1( p~ersons in1(1 those in termul uilenjom'V and~ enceo(lillgr strategzv or retirieval
tile primile oIf thleir- liv'es showed, of course. the phahise buit. (didi show ageC-related deficits at the
formiemr at a chisaoivaiit age ill tests (of virtually r-ecognitionl stag(e. "On tlhi othlei' 11and(. oldeu'
ally cognitive function. This encompasses such personis shiowedl no dleficit inl immediate miemiory~
spec~ializedl processes as dliscriiiinat ion learning~ span and( reCtriev'al from 01(1 storage bluut hiighIly
colisist~ill of reversal. hit radiniensional . and signiificant inmpairmlienlt inl leainingi 1]ong di (ta)1
ext radlimielsional tasks,. Tt was found in an ex- sequencevs anid verbal itemis. This was initerpretedo
[er-jliienlt onl (lISCi-iilllll~tioll lea1min ai(ltransfem' as storage disordems instead1 of a retriev'al deficit.9



It has been suggested that methodological 70
problems may account for some of the differences
in results obtained iby age-relatedl inemory
stud~ies., Possibly, repeated testing an(1 practice 60-
could~ improve the memory in. 0o( persons. but
experimental p)roof of this theory was niot oh- Auditory
tmainedl. Although there were agre-relatel (defici ts
with two types of test material used. thle sense
muodality effects (visual vs. aural) were similar 4Q--e
for all agre levels."' Although no dlifferential 8 0

output or input interference (lie to agre was foumnd C
for itemns assumned to be, recalledl fromt longr-terml (1 Visua
memory, anl overall (deficit was ob~served onl these
long-termi items.9 1 Hence, slisCe 1 )tibility to inter-
ference appears, to be closely associatedl with tilte 20-
relatively porer performiance of the older sub-
jects in both short-term and l ong-terin mimenor~y
tasks.'5 ' 206 10

Similar results were recently obtained inl vx-
perimncnts oil semantic (verbal) muelor ,y. The I I
age. effects were different for recall and reon-20 30 40 50 60 70
tion ill that the oldIer grroup resp~ondled more Years
slowly ol filie r-ecognitionl 1 Ilt niot onl the recall 'ct, -. ea(013t'i'c1 1)VfrlfhICitniw

1)art. of thle task. Thel( response times of the dligit 1,innuiwrs prese(1ted( alurally amid Vistialy to five
ohlder Subjects were less affected by* tile (lollii inanr'' JIg(' groups. (RItproducvd with permisnisoi1 fromi

of tile t o-be-retrieled inforumat ion thanl Were F'igure 7 (if Tla]Iiid, ('.Ilt A.: Human Agingind Br-

those of the younger ones. Thhese. re~sults w'ere harior,O Yoli Ac i Pr1o~., 1968, :122 lip.)
interpretedh as sugrgresting that subjects inl the arnl'smiaue h

r-~~~~~ agi. smasrdb h eneral tp)tit ude Testh1igher age brackets iiiay have retrieved inlfornlia- Bte~ ~.1)soe elnn crso l
tionl just as fast as the young-sters buit that thley 2sbet.iIs fece a h vcmoo
requlire longer tiiiies to dee~ide u1pon tile resipoiise." et hl rtlnei esnngadVcblr

Bohyugan 11sberslefrll( 10 were least. affected.(1i gerlae performance
pooly s te simlusa raugniet ~eclll 110W decremient, in a p~acedl inspection task was most

comlplex. and there is evidence that the decrement inarked after age 60.": H~owever'. there sceiiis to
wasiiireproounedwit th odergrop- be enlough evidence to concludle that Sonme intelli-

Praciceor el~et e tetingmayhel soiiewat ence, test. scores (10 riot. decline before age 6.5.
under these condlit ions. but it, (li( niot seenli to This is especial ly thle case with mneasu res of
aid thle, elderly more thani the voiing.m Perhaps verbal ab~ilities: inl contrast. test. andi lerfoiill--
dhifferences in interest. and inotiv'atioD (1:111 itiflu alice. scores which dlependl onl sensor01y and 11otor
ence what. w~ill or will niot be recalled.- An proc~esses dleclinedi with age (See Figurlle 5).'A
example of thle agre-related recall function ob- p~reviously re ported, older subjects tC~(ende to
aiinedl inl experitnients usilig, liiiie-{ligit 11llmlil)ers lo dipoorint ly in erfolri1illng spee

is hovn ?n-Igue4 tasks inl a lproblemll-soliNl'ig reaction-tYpe test.
C. Problen, Solving an? Perfornmance. 5ev- Th~e oltder subjects also miade mnore errors, and

era] studies reported duringlic the( past. 15) years thle. correlation between slowness and mlaccu racy
decal with thle, effects, of age onl intellect ual and inicrealsedl witl h:1ag. El.derly p~ersons are not

coiut ilyfinetionls. Thucli r re"11si ts-ven those nvcessýarily ii iore careful:I or. if so, this calutious-
(obtained by thle samue experiimenters-are sonie- ness dloes not ellecti velv (0l11 )elisatv fo0r errl01
tulles amlbifrious."~ Using- the WN'eclislcr-IBelleviie pl)o)hit'ess. Th'le age( effects iiieror. lromienle.s
and the Wechsler Adult Intelligence Scale. (de- and thle, slowing- of Co~liiti ye functions inidicate
('linle andI mio-decline of test. scores wvithi age wer-e amil increa'seti d ifhictilt of the agred ill Illaimil a ill g
fotund inl different popuhit ions.12 - l'Tic effect of effective control of cognitive act ivitV.14
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A that. indirect display-control relationlships) are
60 ~(lisp roportionately more difficult, to hiandle for

older people than for younger oncs.

Ill in analysis of intellectual performance of

40 7%older per'sons, tests mueasuring verbal achievement
~ 90/0 reflected little or no(eln.- 'Byusn a

S0~ Q -05 superior synonyin test andl a sophlisticaltedi quali-

2ions Th7efrmneote7-
~ / tative scoring technique. however. age differences

G P EN-NE far below that of the 20- to 60-year grloulp?2  AýS

0 ~to the testingr of nonverbal intelligenice, it was
0 0 2' -3 .0 0

AG0 40 YEAR0S found that theie were little differenices in pr

fornianve aniong young.~r middle-ag~ed. d0(
8 in~livi~lalS.,It.rwa sugSted thlat inltelligent

95~*old subjects m~ay retain anl ability to learn to a

701~ certain d(leree fromim1 inmmediate experience whi1ch
75% enables theml to Comp~ete sticcessfullyN with

60 75 -- 0
V011110`01 0lies 0. 11

25% E~xtelisi vt stutdies wVere recevtly~ colidihlcted by
~ 0t /several investi~raiorS to mleasure agre-reClated (hif-

30 ~fereinces in mental abilities and skills uisinig a
5% ~~variety of p)sychological test bat teries,.ý,-I. 7

20 / GENERAL POPULATION ?

MESSRS- LTDPerformnance onl practically all of these tests
G O NGNERSLO-/ 6P3 EN0.NrtOS ~showed decreasingr efficienc wthae.bt i

0I d(egree of (decline of test. scores varied remiark-
AGE I0 40EA0S ably. Sevc.-al of the mental functions, suchi as

aritlntcraoig vocabulary, and verbal
Vimiu:i.-eroriaiiv a afuntio ofag a id ~cci- skill, did not. decline as iimuchi as other functions.

plat ioni a status. (;raph A-1wierfo rmanlce oi '~ogtrvs The major age-related differences of these 'fune-
sive 'Matr-ices, a iiolivel-hal I inte]]Iigen'le. test. i. irpil-~ e
B1-perfornian11ce oii the AMHill iiVocabullry. Test. tions were. observe beween subjects inl their
(Rteproduicetd witti permisslonl fr-oml Figurles S-3A and sixties or sevenities and the young~er ones,. The

Englewoid B'irre, .1. sýy hi.. 1964'sI~OOg f.lfh!. lar'gest, decreiments were mecasuredl in tasks wvhichi

300 iii A(~iped fom r~ilis n~d T h FO~dN were unfamiliar to the SubjectS.43 Ak reviwo

G. A., andl .1. C. Rtaveni Nommii Cianges, iii tlim menta the literature onl age-relateti Piagetiani cogrnit ive

Abilities of Adults a., Age Advances, JTOURNAL OF functions (logical operations,, animism. moral
'MENTAL SCIENCE, 94 :123-142, 194S.) dievelopmnent, egocentrism) indicated] wide indi-

vidual differences in adlulthioodl Cognitive. per-
A great (leal of research into thle ch~anges forac.soigcniieo.omi e(eeo)

which occur in skilled performance with advanc- macnlt. for' at least., sonmc middle-aged suibjects onl
ing age suggecsts that. the processes miost crucially crantss 3nrlv oe eesocertin est. Gelerllv lowr lvel ofco-rnitive
affectedl aie those. central ones which nwidiate the fiinctionlill were note(] for- eldlerly suibjects as
tranislation of perception into action. This canl complared to the adult g-roups.--,
he' interpreted as a oleterloration of the operator~s Dat a obtained by a studyl of age difileiences ill
capacity to transmit information from olisplay nelgnepromne.spot h.hptei
to control.ý'' If events requiring fast action by lfliec efrac upr h 11ptei

?-- y that. p~art. of the ofteni-meported age effects inl
all operator occur at, ranl(lomfll they impose a1 Coll- lipletsfilelirlei-

channel cap~acity. Another dlisadlvantage for- loss in task-specific abilities but may reflect. at

older people. who operate nmechaniized equijpmieiit least. partly. thle effect of nionintellecti ye factors

is thiat. the, filiect. relationship 1 etweei -what is associated with such variables as prete(st exjperi -

seen andl whiat is done is lost. It has beeni showni elice md1( subtesit position."'ý Indications of



collort-related differences were also found in age- with his scores obtained 35 years earlier, all dif-
related intelligence studies.s" Figure 6 shows ferences from the higher indexes were significant
cohort differences on some priminary mental abili- at. the 0.01 level or beyond. However, variation
ties and on measures from the test of individual in the amount of decline is pronounced among
rigidity, older persons and many. even though they may

The results of a 35-year followup study of have lost, their former efficiency. were still on

intellectual functioning showed a slight insignifi- par in some areas with the average young person.
cant rise in vocalularv level but a decrease. in all Table 1A shows the mean scores, standard devia-
groul)s of mental efficiency scores and indexes for tions, differences, and significance of the differ-
the 60- to 74-year-old subjects.-: When the ences of the scores obtained in the 1930's and
scores of each older indlividual were compared 1970 's. Table IB shows the mean total efficiency

A

VERBAL SPACE REASONING NUMBER WORD
8MEANING FLUENCY

58

54 ,a0 0
5, ID 0

t4 5 2  
,0

4k 0 5 S S

.46- 6 1.

A40 o-0 -. ParOcsoonts

L931 1'I7 031"89 '31 1'171i "31 ' '31 '7103 '3'1 i -'L7i03119 '3: 117 1 '031 '89
'24 '10 1896 '24 '10 '96 '24 10 '96 '24 '10 '96 '24 '0 '96

BIRTHYEAR

B

INTELLECTUAL EDUCATION AL MOT.R-COGNITIVE PERSOOALITY PSYCHOMOTOR
ABILITY APTITUDE RIGIDITY PERCEPTUAL SPEED

58 RIGIDITY

56:'54' 0 '0 o

4-0 % 0 0-
5

0 o

'J4o' ',52-0

1 46 "

'0 b0
50- 0

44 % '

42 ' 061% 1ý OPýt''•n

40 *.pa,,,ciponts
'00 o. -oAonocpv

1931 '17 '03 '89 '3 It '7t ' '89 'V1 I' t ' '3' '31 1'17 • '0 '89
'24 '10 1896 '24 '10 '96 '24 10 '96 '24 '10 '96 '24 '10 '06

BIRTHYEAR

FTcGURF 0.- Cohort-related differnce.s on tih primary mental abilities (Graph A) and on
both global indices (if IM-'1tal :Ibility aTId Ij wasir-s of belhavioral rigidity ((;raph B).
(Reproduced with pe'rmission from lFiguires 1 :and 2 il Schaiv, K. W., (;. A-. I.albouvih,

and T. J. Barrett: Selective Attrition Effects in a Fourt'eIn-Y,,ar Sttldy (f Adult
lntelligency, JOURNAL ()I- GEI"HONTOLOGY, 2- :32.8-334. 1973.)
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4.17

TABLE 1. Data on Intellec-:ual Functioning From a 35-Year Followup Study by Gilbert

A. Average Early and Late Efficiency Scores on the Groups of Tests
Total Easy-Old Initial Motor Easy

No. Vocabulary Score M.aterial Repetitions Learning Retention Reactions Continuou.

1930's 141
Mean 18.71 18.19 18.24. 16.97 17.21 18.841 20.05 17.68
SD 1.87 1.12 1.441 2.410 1.641 2.58 1.77 1.418
1970's 141
Mean 19.71 15.15 17.39 15.95 13.18 13.22 16.10 114.78
SD .80 2.07 1.68 2.17 3.69 3.72 3.11 2.041
Diff. +1.00 -3.0o4 -0.85 -1.02 -41.03 -5.62 -3.95 -2.90

B. Efficiency Indices of the Two Groups
Mean Easy-Old Initial Motor Easy

No. Total E.I. Material Repetitions Learning Retention Reactions Continuous

1930's 111 +!.0c +1.08 -0.20 +0.1.6 +1.341 +2-39 +0.29
1970's 111 -2.82 -0.21 -1.941 -11.50 -11.95 -2.17 -3.419

MD-3.82 -1.29 -1.741 -11.66 -6.29 -11.56 -3.78
Si1)1  1.71 1.79 1.82 3.69 2.55 2.27 21.01
SE .M 0 .504 .809 .68 0.6 0.511

t8.181**1 2.711* 3.62** 11.751** 9.25*** 7.1181** 7.00*1*

C. Efficiency Indices Based on Early Vocabulary Levels
Mean Easy-Old Initial Motor Easy

No. Total E.I. Material Repetitions Learning Retention Reactions Continuous

1930's 8 .01 +1.15 -0.69 +0.85 +1.117 +2-35 +0.941
1970's 8 -1.116 +0.50 -0.841 -2.71 -3.01 -1.35 -1.9114

M' .70.65 0.15 3.56 4.,ib 3.7u 2.bb
SD0.35 0.97 1.115 2.59 1.96 2.31.60

SF MD 0.30 0.341 0.51 0.92 0.65 0.91 0.56
t 10.231** 1.88 0.29 3.87** 6.89** 11.06*** 5.111*1*

*p <.02 p' < .01 **P < .001

indices of the two groups. their efficiencyv indices rqirlen.Th decticopuddswy
on the six separate groulps of tests, thle diffcrences from the midlfiftieS on1, followed by relatively,
b)etween the early and late indices, and thle, sig. IIfOýCd elnsiicopromnei
nificance of these differences. Finally, Table 1C the sixties and seventies and thereafter. Theshows the average efiinyindices of egttest.. tI- i nefficiency ~ ? eeht in action of these varihiblescomlplicatesth in
subjects based on the vocabulary scor~es they~ 01)- ter-pretation of tile deficit -is wNell as its imuphica-
tamned during their first test in tile. 1930's. Gen- tono rltilstain.Itaso persht
erally, it wvas noted that adlilt per'1sons p)erform nilatiir'itV andl expIer'ience (1a11 hardly compensate
(Illite well on such tests, whereas imanyv o01( per- for thie.deficit. in sonie of the, fuinctio'ns which are
sons show an apparent regreQssion in tas;k nia~sterv. critical for sustainedl lpe1fornimflce( and p)rofi-
performing at levels similar to those of young ciency.
children.Io

In summtary, it app1ears tha~t old1er p~eop~le V. Neu rophysio logical Functions.
uisually peCrform1) iioire poorly onl Iasks requiring A. RMologwica Contv;ukratwon.. 1EXperimenclts
SenIsor1i I not of-, iment al, and~ cogli t ve1per~formuance, have' shown thlat cells. part ci(llairly tile hlighl~y

ad problem solving (see Figure 7). These differentiated ones inl m1alN~ cr~itical or"zanls such
deficits arei (le, not. only to lie slowing. pr1ocess as the lmn an brain, dlie inl the Course of .zzingz.'
of thle fumnctions involved blit, also to s.1ch fact~ors Thiis seemls to be inldicativye of tile JAI .sio-zenet~ic
as lack of practice, loss of t omie wit 11uri rent, 1basis fo I lie age cilang-es in tile arosbody
proble'mms, and unwrns of pre(sellt licells andI svSt ('lls, and fu~nctions. whitch afIfect, thle da ilv~ be-
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FrarE; 7.-Effects of age ol three fVATfl aptitudes. TFie Warner Level indicates the

socio-eeolonf c status (i f the test suhIjocI.ts. (Repro duced with ]e('Vl'li I from

Figure 1 in Fozard, .1. L., and G. I). Carr, .Jr.ý Age Differenices and 'sycmlologica l
EIstinhtes of Abilities and Skills, INIITSTRTAI, (OERON",(OLOC Y, 13 :75-)(;, 1972.)

imvio" pattern of tlh individual. M•arty observa- Filmire 8). T'lhe cardiovascular reflexes. which
tions onl both healthty and sick or piselsel [)ersons a(dap)t, the blood circulation to ii(scu] al.r and•
hawe indicatedl that there is a decrease in cerebral heavy aerobic work. also seem to be afiected.
metabolic rates or oxVyLen consunlmlt ion with Tue.I Ihere is indication that decreased sex hormuone

Al hlLrlth1ere wals nlo aire e ifect. i-e-lh ,w sipnifict productiion and reduct ion of thyroid hormonm-
latedl to blod111 flow in hle brain, there wa.s a be involved il the lysical deterioriilol of
ionsideralih, nd1 statislicNlly si"nificant decrease alie inrsons.l in th e h cal ioraio of
in cerebra I ±-llmcose at ilizafinn in otherwise
health hhr~ sajects, resultig ii i somewhat" tlihe decreliveni in the total namnher "of cells and

reducell mental capacity. In l ols e instances. the deficiencI of oxy5'en i|elhisni 'wiliiii the
there was evidence of, loss Of cerebral I issue.' cells are the only factors in am'.. both 'aiiaides

The decreasc in skeletal-;iiascle uinss with iln- are iioist. nut iliiatelyv related to the ai e, 'factc;r.
r'easin, '':I,,(, exphlans to a 1:rr're exteit the d ecre - Vadliple causality is undoulbtedl" invo-led ill

erient of lphsi.,i al m1lscular efficiency (see such la compllex lXprocess as alrnill.
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*--------* Mechanical Efficie~ncy
*Endurance - Heaviq Work

* - -. Maximum Oz Intake~
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100 N
N\Di H

90 Pb

~80-

~70 -t

t>C 60 -

50 .50 60 '70

40 Aqe,-Years
FIGURE 9.-EffeCts of 11;e Onl Ilirehaidical efi( ieciI h~in Wldorate aerohic work (Rohfinsozi,

193S), the iraxirinua 0-- intake hin avr oln w~oil (Dill, 1942; Robinson, 193S), aidI(
endurantce hii heavy awrob ic Cwo rk (I awsmt mia id He]lii ira id t, 1945) ýx p ressid inl per-
Cetit of peak ior-formlanN rIm-hitweeri 30 arid 40 yeýars. ( Reproduiced mwithI pelnn i ssioll
froml Figure !5 ill QSilliinsorr, E.: Fnnictiorra] Capacities iii Older INdividials. .TOUR-
NAL OF GERONTOLOGY, 13:18-26, Suppllcmernt No). 2, 1058.)

There is evidncfle that with aigii-~ the jnfllenCe, tlcr1h~ii~iaV lie S 1ow 11 g of the
of the ner1vouls systeni onl a nulilbher of organls :al pla rhlvthrll has beenI fre.0qu entlIy rep)orted as a
andl Ilotl functions is decreased.' Several function of aging,. and beta wave activity was
studies recentlv conullcted1 by Russian scientists fouind to declinle. 109 l, 14 The basic a~ze-rclated
indicated] that there were agre-related miodifica- change in e elecrece)aogau( E oc-
tonis in the. r itabl 1isin of mnaj or biochemirical ci irs predori r iatelyl along14 thle frequency (Iilruen -

t~ransrinitters. srrchl as tile catechiolarlnires and sion. The dorminant alphia lllvtllin (8-12 l1z)
acetylelloline.' In old~ agre. tile biosvrlthlesis of ilciass ith 'I ag at t he rate of alou 4011 illilli-
thlese Irolniiones seelnred to be dlecreased, and~ thlis seconids per cvcle pe(r dlecadle. Hence, aII increase
deficierlicv was fol lowedl iv a1 reorgallirza t 101 of of about 1.5) mnill iseconlds per Ccycl occlilrs b~vt weerI

thirc m laj or meitabloli p athlways. Thiis- appar- I lie aCes, of 30( 1n1d 710 0ers Teeis aII aeconi -

eaTt 1 V Cal95Q an ii rpai ullnut of the svrnrna):tlret ic pirl jug increase ill the theta (4-7 11z) and1( delui
w-iiv'ndl delayved adlroerlerric -eactionIs. (1-:1 liz) activity. Altholl()nill fast b101a waves

Toda vY. r1IrtlY b iretigtls elieve hun:l alter:l- (13-25 1lIz) are ri'valonit dlur'irg ('ally sVIrle(CellCV.
t ins rr tire I ?II(, Citc Cod ( :Ind ailjrolteiri iios *vit Iresis t hey , v econine less t're'(jellt wvit iI old age. Genler-
rnraIV he in ricatelv Inlvolved inCll pi1ugrog11(- allN, thle average frevqurerlev spectirurnr of t~le(

'Oss.j,.s~ rout rol of tI( he negnlat (liIv gerles EEG in th olde(1 is a)Poilalvoneoyl slower
111:V Y0, illii tInIhe qirah1itat ive arild (flalint itat ive 111:111 thle corlijlaralble .v.olillg ;ah1ilt curve, tIIIe pleak

elunrgs xý ih -uIs~nen Ivicrgrnirtrii relulelvnic t o'Ine allhlam rl)Vtlltrii ill tlie oldelr per.-
arild deat h oif a eell.'r Solils 15 t Ni. icallv 9 l-iz.-.
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It tiow app)~ears that the age -assoc-iate(I slowing~ t boughrl t her-e is no evi(Illi(P of an ident ifiabl e
of RT is closely ri-ated to the chiang-e inl brain- disease. H owever. t here was also discovered a
wave activity."? Since it. has b~een shown that striking- siml-ilaritv lbet ween the effects of a-,n
simpl1)e RT. dlepend(s upon01 thle phase of the alphia and heart disease onl psYcholog,-ical test scores.
cycle inl which a stimuilus falls, it canl he assumled which ledl to the Conclusion that, jimpirmiiient of'
that. the increasedl alphia p~eriodl may causc- the car1diovascullar funlctionls may he resp)onsible to a
slowing~ of RT with age. Furthermore. the la1-rge degree for- the( ge neral deteriorationl of

lpacycle may ver 'y wvell he implicated in tile ?efomac Ta~ct it g. able 2 shlows
timiing of highler order mental activity, such as asulreve ab~out tile effects of age and cardio-
informnation-hiandling capacity and dlecision mnak- vascular disease oil valriouis tYlpes of humiian pel-
ing(, which are also adversely aff~ected by aging. formuance.

The brain waive pattern of old people was There is a typical pattern of 1)sychlologrical
found to be miore. responsive to p~hysical exercise chianges associate~l withi advanicing agre vliiCli hlaS
than that of thle young~, althoughi it showed a a- nomlnuohsooiclrte hn to
dififuse, slowing in cases of advanced senilitv.7~'- (r gnetic ai. Whleoeivsiaosfud
The p)ercentage of REM sleep remains staible fo eamla orltin fag wthbh
tifitil. abouit the age S0 but dIrops rap)idly there- lpsyChoniotor speed and blood pr1essure. age-speedl
after.-17 Correlations between cognitive andl drive corltnwahie ta he gelldpe-

funcion on mout o REMsle) intheage sure correlation. H encie. they concludedl that the
indlicatedl that C.NS functions are involved in trend toward lhighier bljood p)*sir with advanc-
this process."' As to the functions of the auto- igage couild not be regarded as the cause. of
nomnic nervous systemi (ANS) . the aged show less slowing (down the selnsorv-imiotor. Jerformniale.
responsiveness than the youngr as indlicatedl lb Instead, it may possiblY reflect a collnmimon ch~an~e
the galvanic skin response (GSR) .` wit adanIngae in the. regulation. of the CNS\'-

In the area of behiavioral sciences. there is a of autonoimic an(1 behavioral functions. Patients
dlefinite correlation between thle, results of neuro- wvith hypertension and those Wvithi coronary1 ' arter-y
physiological tests and] chronological age, a]- (disease app~earedl to show moore I,;Nclio~n otol.

TABLE 2. Some Effects of 01.&r Age and. Heart N~sease on 1'erfol-niaii1ce Measures and Rtelated Pliysielo;gic l-uncttons
(From E. Simonson: Performance as a Function of Age andi Cairdiovascular Diseiase. see:A T.welfm (7 andi
J. E. Birren, 1965.)"-]i

Performance and Physiologic Functi~ons Age Cardiovascular Disease

Max. 02 intake Decreased~1 ) Decreased (2 )
Speed of initial increase Of 02 in work Delayed(l) Delayed (2,3)
Oxidative recovery Delayed(l,4,20) Dlyd2 fl
Respiratory efficiency Decreased(1,5,20) Decareasel 2~
Cardia.c stroke volume Decreased(6 ) erasd26
Pulse rate recovery Delayed(l,20) Decrayed(2,)
Endurance, moderately heavy work Decreased(7 ,8 ) Derae(2)Muscle strength Deresed(10'11' 12 ) eraeDecreaUnchanged or slightly decreased(13)
Speed repet. movements, small muscles Slightly decreased( 114) Mo',derately decreased(1 5)
Mechanical efficiency Unchanged or moderately (1) Unchanged or moderately decreased

decreased at higher age(15 dependent on deg~ree of
decompensation and load(2Endurance, static work Unchanged(9) Probably little change

.M-otor coordination; small muscles Unchanced(14,1 6 ,17,18) Probably unchanged
larger muscles Well maintained (19,21) Probably little changed

(?oinon 13hBurke et al., 1953 (15) Sim~onson and Erzer, 19ý41Peviewed in Firnonson and Enzer, (9) Simonsoýnc eal.,, 1943 (16) Archer and Baumgarten, 12I ill (10) Quetelet, 1636 (17' Berg, 19ý7
teakins ani, Long, 1927 (11) Peijs, 1921 (18)

1 ) Stierlitz, 1911l*~ Knig ~ a. , ~Ž 12) risher and Birren, 1947 (1)Jokl,1'K) ~ur.p i~iu~ii~ i~',(13) Fanf'ilov, 19635 (2)rrclkis et a!.
Lan,!owne !t. al., 1K';Y (1) Kossoris, 19130 (2a) Snlith .>2:maw:-on and l(hrrtI
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slowing than wouldl l) expectedl from agre alone, factors not coinsideredl so far. Some alterations

The evidence again )oniflts to aL Separation Of the of behavior can 1)e caused bw or niay be as5()ciated

eflects of disease fromn a pattern of ineasurements with changes of tile personality. tempei~rami enit

representative of normnal neuroplysiological ag- mi otivation. or the %mlne systemii of thle iiinivhiilial.
jfl(Y ~~' or thiey miay depel)nd Oil some1 trivial oir idiosvyn-

Seveal tlilie ofconuctin vloct v~ lii- ciatic* elements a roused by the situation. F'or

Inan Imiotor nerves have shown that the sp~eed of example. it was observed t hat attitudIes and cilo-

transmission of the nervous impu~llse is slowed( il t jonal factors influenced pecrformilance onl a test

(ld age?8 H-owever. inotor responlse tiiime seen is of critical t hinking, ahl lit v. Hence. thiese vari-

to be remnarkab~ly constant for bo0th young- anmd al les muist 1 e takemi into accouint whenl dealing

elderly person,,. Slowness or (lifficuilties in per- withi thle pvrfonniance of tile elderly. The abli~t

ceiving and~ transmitting a, stiniuluý: results. at to weighl evidence and crItIcal interpret dat'a

least. p~artially. iii the inerevuse of reaction tiiui and changes in deductive thinking in relation to

ais prevCiously p)ointed c~ut, since speed of percep- agre are gr-aphically displayed inl F'igure 9.

tiomi is an important factor in mental activity:
the dlecreasedl mental caplacity of thle elderly.
thus, has been explained. The difliculty in accept- 56

ing sensory inp~ut may be relatedl to tle inab~ility 54

Of the nervous svstemim to perceive and interpret L 52

the incoming iniformation. thus failing to mnain- Cr 50
0

ank an ongoing "neuironal pattern" in the face U 48
of fresh stimulus input.-'" This loss of capacity ~L46
seemis to Occur at (ertain critical stages. pamr- 44

ticularl v at about age 40 andl again at age GM""~ 42
There is also an age (lfcit in coding and regis- 40
triat~ioii of stiiiulus input. mat erial leading. to a 0 a 0 30 40 50 60 70

deficit. inl the retrieval process. 'Moreover. tile AGE IN YEARS
rate of loss of immnediate iimemory tend~s to in- mi 9Roit fo -Ssbjc. Iv1-0yascrease wvith age: n the storage lIny('ss uind~er- FiiiiiE m -IV:]u tS4Il( from l 0-$5 imi uv t ah nige 1 pl-:O eas,

lying tile. capacity for fast recall is subject to TIest. Thle solidiilo iii d iiicntes abhility to wveigflt evi-
mlecay.22 deunce aind iiiterlwet data: the birokeni Hilio indicates

It. wvas conicluided froin ithe m'eu t of a short - v~a ill (icct ive thlkii hg. (1 tepr-oduiced with

termi nwivnory test that the ret ieval t i nc Ileemiie pIisiii~oii fruom 1'igurl' 8-1 ill I"ii rica .1. E'. 7"1ic
I'syI/oloq!Iy of Ag ~ing, Eiigfl ow ( I CHIT , NeW 1 m rev

longer with inicreasing agre. Th Iis slowving, was P1'-itiitj-Il1iiJ 1114%, 19641, 300 11p. OII-gilol. figiniv ill

bhought, to be brought. about by tile. increased F'miclid. C. 'M.. andi .1. 1'. Zl) uk: The ETtiutl (if Age o
tinie cqi require to search through the 'oniten'mt of I-It ic:11 'hl ikilliig Ahility, .1)UH' RA . O F 4 E,1Z0N'T0L

nieinorv and to initiate or grenerate the. response. u 4n v 0Y 13:40T-413. 111~u.51

In general. the old lose speed and flexibility and Vsgicatdreein llm s-Ire o'
lacký the kind of reserve and~ cooi'd inat ion thatsiiiiut liasIialiiauesofex
acc(., Ants for niaxinluiun performiance of the ibi ilit V andh a signiificanit inicrease iii 1111 iieasl ics

bri.u The. neural dieficit, in thle agred canl be of behavioral rigidlity with ad vancing~. age wvere
Sar-g-ely ex plai ned1 by a dlecreasedh niiuihber of fliic- reporte(d(." The correlatimon I etweeii th limena~s~ures
tional lv available neurons. Chiangedl cell ii ital- of i mentltI abloIities a iii personmal rigid ity were
ol ism, proloniged time for thle ideation pincess. significant thriouguhout the aduilt agre, 511111 withi
and the loss of speed in the retieval of nwnii-i.\-. a temiilcm* v to ihecrase t owanid the upper end of

lie ag(e cont iinuium. nhieve is als;o a certa~iin pos-

VI. Personality. s;il dlit -v of a rel ationshi ip a lmiiimn the e them.t sof
The, effec'ts of aging~ as inanli rest ed inl psychio- ag-e. heart dlisease. aiid! p('rsrnlality test score.

logical, Iii('it al, and ieri)livilohsioloigical perfomni- imiplying, that imiilairmiient of' cardiovascular flinii-
an((' or biehiavior hpatl('mis arle iii themiiselves tions Inia v be to a (legicev resh)(iisihile forill' t lenm-
related to miany alterinatlive co0n(dit ions and eirn] (el(liiie oif perflormianice capacit withi age.''



It. has ]olog been assumted that tl:.ý aged are at the test, whereas voungier. subjects, didl imprl)ove.

a, resting state of low internal arousal and( sus-tain indicatiiig a grevater selectivity andi adapt ability

a lew drive state. H-owever. agC-el persons- were than the older ones. This was also true, in a

found to function at. a relatively hig.h level of gutessingr-typ~e experiiiiellt. Onice ag"ain, the 01l1

aut~oniomic activity (suich as bloodI pressure., heart. sulijects shiowedl less of an optimization tendlency

rate, and( resp~iration) wNlieii arousal or alxet hn the10 Noungler onles. Not onl1-% djid thle ()]lder*

was heightened by situational ci rcunist ances.:1 persons behave subopt inially. but their p)erformi-

For exampille, tilie performnance of older p~ersonis ance fell below that. of the XOungsirter~s. althlough11

is inl jeopardy under hiazardouis t raflic cond~i- the older ones had miore to lose."

tion.. ~Moral (developmlent and nioral jud~gmient inl the

IThe eircets of differential reinforcement of elderly have been found to be~ curvilinearly re-

'aiit ioiistiess itpoi 'Intellectual perforimance inl latedI to chronological age . 'Moral judgmient rose
older p~ersonis 'were investigated with respect to fromt a. relative] v low level In preadole'scenits to

such inifluences.' Cant iouisness is often thlouglht thle highiest, level inl the niiddle-aged adults."

to be a1 behavioral characteristic vory typical of Thereafter, average stage level(,s declined. TFhis

thle elderly . LXperi lieint all , . thIiis fact or was t rend was thought to bei caulsed byv the e]l0. (lerv

ii aliiipul latcel bv sv:Nstelii at ical lv varyinug pre(t est pe~rsons, decieasedl ability to apply their enlviionl-

ilnst i'iict ioiis iii volviitg" icilt forceiticult *at two levels mental exp~erien~es, to their moral judg~iieits. It

of risk-taking, whlen subjected to t ie Pr1 imal,*v also was thieorized that variability Ili thle moral

Menital Abilities Ts.'I'lie resuil ts vo(iifi in itiost 1uigietsoftle ldlvcudbetie rs to

of thle previous olbservatitonts naii ielv. ithat older ani ident it v crisis associated wvithi aging. thle social

sil ijects are uisually" low riskc t akers and perf'orttt isolation of the aged. and t ie outset. of seitilitv.
I ert er tinlder ýlwci cond~it ions. Thtis I ica it i oil- 1Figurj-e 1t) sl w ow fou u- sýelect eti(0liei

violis onlh. wI en t hey reallist ical lv eXeici sed 1 theirp of social age clita igedi rn a period of foul.

op)tioin of eithler' respoilitlng or not respionin~ig to dlecadles." Tie anlal vsis of, e"rocenltrilsiti as relaited

Ili(. individual task itiIs o ag~ing, hus, b~eenl b~ased pr1imarllily onI r-esults Of'

IV lv tising tihe EtI anIsI esoita itY I've fer~eIne percep~tual (I-o spathial tests. EltIerI ,vN su bjects

Sc;hedule, a forced-chloice test designled to Ilitastire showed wvi devI mdi v id Ita I d i Ifere IvII eS in theii r

lie( relative st rengt h of 1-) nteeds derived firom abil litv to, decent er anidt decrease, spatial egro-

Miuzriav's list oif mtanitifest iteedIs, hlighllly signifi - cent risit task perforimiance as Comiipared to

van( dit lrfeictces b et weeii V( IT~ am 1 0old sub~jects V01t11"(e1 Ones.` Ilii aiiot ien- comtparat ive ag e
wvere found onl five of these nleeds.'".. On tblrce stundy. a cutrvil inca r relat iounshtip was found be-
items. nalttelv A lefereitce. order. andit end~uiranice. Itweel spatil aiid :11(tiiuia v e~roeiitrijSjIi

IleedI S('()reS werep Ili igl cr for- tilie 0141crl Slil ijeCts ;*111(1 ('Ii ititological age.- FiitallIy. a sItidy wvil 1he
Oil two itecuts. unait tel. blet cosexutal aciiyaitd itt('fltnedl inl w jih rae estittiatj cs wer-e basd it
ehtihuit iolt. theicir score's were1 lower. Mlarglinal 1A Ilie psYchltdogrica I assessiimeint of I arsoi a lit.N Vvani-

significant~~~~~~~ weedI~ricsindctbgbwnne ai des. ,-c0 iCS from thtle ('tittell Sixtee Pci ersonal -

for doiminance and higher. need for altaseuttent onit ~co us on re(611)wi ielt

1 t pait f tlieob cr iou It('l ei(-t t lie t i(tio~logo~iCa I ag of sal tjeCts all to

It I ns beenl litpothlesi zed that older. S11ii ject S til i cltiisihs itivtI
a~~~~tlj Ilt tuitatj~lip ictill~ ll aelttt(fwat~I111Vthye ages predicltedI
n il olla icllyInae mst f wat : ,1pait N.til , h foiii thttse' iiensttres. It 'NvaI stated In this Coll-

itta have. tntl thilis proc)ess hits I eed! d efincid as itsl,
'iitt1CI5(iOtt5 Optiitiizat ionl.' Suchi btL1v1t1i is text that tilie :iss'essiiieitt of a itiatiis pltes alitvN

oftenl thoug -ht to be related to the (v4)itct'l of il lei-ills otf a functional :I"(. index 11tiav -alsot he

experience: i.e.. ithe ahilit v of the ir-ranisiii ti o (If a practical valuie for deleteiiitiiii (,alneeield
:djiijjst t liroglli~ learninglr Il :1tt e.Xpeuiittciitj e- polints and ret citemeti plaitniuig.'''

siille(l 14) invest uratte .1ýrv di flerenices In develop- It w:~founit I~v itanal :Iivsis oif thle If; 1F that
inl, g the opt i 11it1iii St r-at ecgv for- tinl('l i n cre nii i e ftle1 prihmariy factoris ac-

iialfutnct ion inl a broken-down nitichine. older counted for S percent oif thle variance of pre-

per:sons didl not shiowamY chiajige of their ap- hictedlae naitivIN surgericv (IF). sclf-s-entintentl

ph~on(ta(' to (Ilie pro01lelcii wi!j hiiceaig Ii ite onl ( Q) . and selisit ivit y (I). A fortmul a expressing"
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Chances for Prefered retirement
MORE +1.0 advancement LATER

0.5

0

0.5

LESS - 1.0 I I EARLIER I

Wife's employment Contacts with
MORE +1.0 -MORE -wife's relatives

20- 30- 40- 50- 60- 20- 30- 40- 50- 60-
29 39 49 59 69 29 39 49 59 69

AGE GROUPS
MTuniU 10.-Age dhanges hin nian yalues (standardized Ulits 1 of four- selected coflllo-

rients of social a go. ( ItfIr Id u ed w ith pernli ss ion fromn Fi gure 1 in Rose, (C. L.
The MAeasurenieiit of socii] Age. AGING ANI) HUMAN- lEVEI.LOPMENT 'I :5
168, 1972.)

the relationship of these factors wns griven by U~singr a soniewbat ditlerent approach, other in-
the. investigaitor: vestigators identtified( the factors C. F~. (r. T. andl~

Personality agre N1\ of the 10 PF as remiaining, relatively Stable.
with unsystemiatic agoe trends for tihe rema1.inling-2.21 Factor F+0.2.5 Factor Q,1 +0.'21 F actor T factors,''

+3911T By andl large. the reults of this analy~sis re
The differences withi age in tie nivans of tihe in agreee('net wxithi l)I'viois observattions that

uleasures of the three lpelsonall t factors are 50111 aspiects of the personality Struictulre andI
given in Figure 11 (right-hand side). Tue mnost soine of tile personality traits airc relatively
.igitificant. ability m~easures which -Were patrt of Stable, while others change Nvith agze.
t~his, experiment are show 1 ofl tile left side. Scores q cC/JCeaX. Probably the givratIest pract ical1-
onl the. iost, important. variable. F~actor F (surlg- impllicationls ol, 11111 itian aging ill tile context of
oen vs. desurg-ency) . show a tendency toward this treatise ale in the area of personial at iA
less sit ro-ercv in Oldler subojects: i.e.. thley a11e publiic saffety, since older pesn I eld to have

sbrtaciturn. and151ii5.Soe 1 Soltot hilig rates of accidents., Ill a related studl~y. tile
Q,~ (sel f-sentinlent ) tends towards lriglher degrees avmmp- nnntulal death Waes iroin m ot lorve'le a(*-
of self-sentiment in the age(1 ixc. they are (itlnt s were analyzedi for tile years 1926-19i2S
thought, to be more control led. exacting. ii~l aindi at. *hcit a ntervals uint il 1 966-1968 using~
socially precise. Scor-es onl Factor I ("preinlsia-) ixage grt'o ps. Wihile tile total t1ll itul 1r of nlootor
ind icat es a gifreat cc sensi t ivit-y withi increasintg vehicle fataulit ies Stead ily d ecreasedl withI age for
*lrIgo 1I'i o- Ic 11 also shws t hat itl co()lllupa tisoll persons 1 5-1-i vnirs old. thle taýte generalIly ill -

wvit h thle al ul ity vScores tile agze dififerences ott the (.]easedl friot n ge -1.5 otil. reachingitt ts Ii Ia xinillti
peirsonalaityK scale ar re l at ively sinall. M\oicover. wvith tile old(est :ig, grtoiups. Otily tile 1.)-2.)
four of tile cur ves have thteitr niaxi lnilt 10ate (if yeam-iili 111,ales exceeded thiis group ill tile twvo
.1ng -iirtg the. two Iligllest agre ratlgrs.41  latest Sanipllol.
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ABILITY PERSONALITY ahroad t r. deteriliiiie I lle effec(t s of, a.e-1Ivinted

+*1.0 -Disassemble Sugec (F) cagsinl older. pilots anld to assess; hewir jilpli-

I- . Pep jo/mdinece '11/c'trNu. Ill anl en iI.N stuldy%
(1953) Onl Ul.S. Akil- Force pilots u1sing the

0 cr~it ical -inicideiit teclin iqjue.- it was found tI ]at

41.0 oolmtchin Sel sentmentthe plikcsical ab1ilities of aircrew ujiembersý de-
S(l03)h~n creased xvith age-. particularl-I the ability to resist

0 o~ath fatiguie andl suistained(I dianfds iipon thehua
k" 1,0- ~ ~ ~ ~ o Lralsni. \ctia nh1 ) pefnon dtrort(

1)art icuflarly with respect to sedadaccuriacy

_________________________ of -work and corrective~ a2ct ionotlil lerateFq + !. urn Senitiv M (r CV situations.anlsr)ing-eeton f
0- a prlopor)tion~ate degree of caution. 'Ihlere wei('

Fo soile. indications that the relationships: of the
older crewnienbers with the rest of the teami

-2 , ,, ,, Iwzl~'- poor)ier. Also, the ability and mlotivationl
20- 30- 40- 50- 60- 70- 20- 30- 40. 50- 60- 7- to ilmpr-ove, inl skill andl techinliqe were founid to
29 39 49 59 69 79 29 39 49 59 69 79 (l(clinle. andl illoti vationl andl adjilustuilent inl regard'

A~ GOUS o hejob) in genieral wvere niegatiVely agoe related.

FIGURE 11.-AgE' changes0 ini the 1thean oI f threE' nleasures Inl later investi &rati ons couldllitedl by scientists
(of aiiiiity andl thi(-ve lh1(,sllr('s of pfersonallity thalt inl the. U.S.S.R1. onl two gr-oups (of p)ilots (30-39

1'oar fonr tohesin iichltiieditos if ('ironloi years and 40-50 years) . nio di fferences b~etweenl
cal ag.~(Reproduced with perilissionl fromi Figun. hs rop eefun ocrig iiipeR
I ht Fozard, .1. ,.: P'redictinig AgE' ill theo Adult Yvai' ths soiswr:fud(ole~ll'' ilpe1,1

From( I'sycllolEgjc.9I Asssse'51l(t Elf At iif tles andl Per- an (1 speedl of the ''basic nervouls 1)iocesses.-
soitality, AGING A-NDT) hUMAN' DEIVELOPME-NT. 'Ihlere w'as fl(io inllairuIlenlt of short-terni v-isual
3 :175-1S2, 1972.) memilory inl thle older Sub1jects. Th'lere wsalso

no decrease inl the interplretation of Visuial stinl)-

Detailed studies Of the n1at~ure and cauise of iili. andl 110 (difference,, were founld ill the( inlfor-

accidlents have shown that, those sustainedl hy niation-processinIg ahili tV between the younlger

yoiiii((WI' people are Often (Iue, to careOlessness or '111d Older pilots.

foolhiardy- behavior, wvhereas, accidlents of Older It. was i'elortevd. howeNver, that thle older. pilots

people. tendl to Ile cauisedl by slowness inl antici- niededl~ lo1grer tililes to shlift. their attention andl
pating hiazards or in taking action to avoid that, tile overall performiance dleclinedl with inl-
thiei.-,, While it, is recognizedl that circiinistances creasin- afre at th~e hIlh'1r lev-els of iniformiationl
andl risks are. the mnain determninants of accidents. inlput. N-onethieless, thie oider pilots sceniedl to

age. canl caise. smiall differences inl copingr with adlopt a mo1re eflicient strateory ill sign1al (letec-

ensuing situations wlliichI ulay sublstantially dhe- tion :it. wais tllougllr t thlat. tilis otegea

terniinie. tCie. ouitcolici of a hiazardous" sitinat ionl least partiallyN, souine of the 1 in it ationls mljjjose(l
1).N tile IeielihenhI enld of the Visual pathway.N

VII. Aging and the Hunman Pilot. rilie resulits of a ionio-ita(1ialagin st i~ld, onl
p~ilots coniducte (l.by thle L~ovelace F'oundlationl for.

Th'le process of agng1I is of a greater signiificance '%eia RsarhadEucto lwdtla
for p)ilots thian for ((lost othier occupational N-ii.a acconliniodation. dlark adalalt ;tion. all
g-rouips because of the exacting~ demiands of their til
job). A's a1 pilot grrowS older, tile alterationis itll fucinZr lhlie iha~.-

phivsical and mne(nta I fit ness; 11nn1 v gre t lv inluen101ceI Inl a satipling,( of over- 100 pr-ofessionalI l)ilotS.

hlis professional efliciency. EIarly detect ion of it \issiletlan coludthtIiirre

(leter'iorationls il p)syNchophyl.siol ogi cal fuinction's sponses to sliddllel ('l~iwrleilciesý linoler conditions,

and perforinlaluce of ailrimne pilots is iipol-eat i e of i nforinat ionl o(verloadl wecali me lss and less'
to fli-lbt safet V. Thlerefore. ac ron iedical inivest i- lii lquiateý as t hey g-rewj o~lder.' ', It Is eull
,r'1t.ioiiS Were ('0(1(1ducted ill th1is counltl. andul clear that . iuisofil :I, as'kill llroticieuliC Vcanl ever



be eviiliiateil oiits4iie the actualtt flvNilmz( Situnation1. C, a Px((~(1 1)II.y('/Wo!!ff(wl /'1,1W,/e'/(';OII. It

Ihe rouit me aspects of thle professional p~ilot*.- also st.'uIls thotilhe iniuhvidumal dIifferences~ aniong"

skills seeiii likely to lbe affetledt( lv aging. It airiiieli ini sotii( of ( lie relevanlt ,ilodalit ies; of

was reported that pljot s over age 410 are rein- per foriliionce are related~l to liii i (trdliovas(.1lla

tivel V more susceptible thanl thle volillirer ones to sta;l tls.103 '[']I is; sugss 1a. h foriii iiie

the e tlects of in formnation overload when other (legrralat ioiisi 1 high-gradle skil arý Ii I orv

activities intervene (rigthe periodl of infer- I ikel , N0 tolependl upon0 the mrg-reltttedl (ficieii(V
unat ion acquisition."' of t i ilt p~iiioiiarN ilv an cardiovascular svstweil

It. is dlifficul t to finld dependlable criteria Ill thnP if g sszl. Jersons Suifleri ng froril

Whlichi thle, effects of experience, Such as ]iilgiuilent. areitý(.IiOceiriticl coronai'v hecart dlisealses. or, show-

insi-lht, andl comprehension of thle, task Oil per- uur onvidence of Old liuocardial infarct ions and~

forniance. canl be mueasured. The subjective those . withI essential hhypertensioni performei(d

assessment of job performiance indicates that the iiiore pooil.v onl a Wvidle variety of P)sychological

overwliel ning- majority of old1er pilots (1(0 not tests thanl did reasonlably Nv-ell-nilatelied. hlealthyN

notice. increased weariness (luring routine (duties subjects.10 ' The incidence of cardiovascularll dis-

or transit triig nor. Show folrge,.tfulness. eases, andl their increase w~ith 1ag0 areC hlighi enoughr

bsn-idees.or inleflective performianlce il to account for mullch of the de~clinle of ps .ycho-
flighIt.54 JioVever, it. was found that the restora- loglical and( menc~tal fu~nctionlsi llder101 pi:otS.

tion of ''higher nervouis activit ,v- after extended H owever. there is ii rdotiltedll , mu1ch aiore to

flighits (10 hours) to thle origrinal level took iglgthancr oaciiro olc'rliel(s

longer in the older pilots than in the younger ess
ones. This was dlemionstrated by the EEG icc- D. A qe rin(1 A Ii)r')(ft1 Ac.idr'nf. In a 19.67
ordls obtained froin tile, older pilot grroup.FA reotcnrig imrfacilts1

B. Ne~uralFi J'ncw~ns. The analysis of clinical oldeor persons. it was rel)ortedl that total accident

andl pihysiological functions of senior piilots of rate, is lowest for the a~ge grroup 16-29 y-ears.

thie civil air fleet inl the 'U.S.S;.R. yielded very hihsvfrteaegoi)3-~yas lciW
(delicate changes inte-oo codnto for the group 44-.59 years andl rises onysihtly

pilots over 4.5 yearis of age.ý"'Fl Theighler nervous- fo ?gs6-n-odr~ oeer ioercn
activity, visuial discrimination, andl sonie psylcho- st~atistical analvses of accident data revealed that
logri(ai 'utnctions shwdta teolr )lt the. accident rate, increases qulite rapidlly after

wvere not as readily adaptable to) new situiations ag _59' and( reaches its miaximouni after agev -0 as
as thle youlnger ones. Tn contrast, they appearedl shown in Figuire 12. Such (data. however, mnust

toi Ile p)sychologfically miore stalble. 'A Ithioughi be, interpretedl inl termis of the ''exposiure timle

visutal rieinor'c did not (deteriorate w~ith uge. of subljectS inl eachl age group11.

their capacity and( concentration of attention
tended to (locr-ease slighltly. The functions of V111. Summary and Conclusions.
tlie N cstibular apparatus of the inner~ ear aii(l its Thuman aging is a biolog(ical process with pro-

effects on miotion sensitivity aiid motion Sickness, found impillicat ions onl perf orinla lice alnd pro-

"were unllrel ated to agre. ficienIcy. Althoughrl thereC is evidlence thlat tile

Measresof reseve hanel rpacty'and occurrencef of cardliovascular' incapacitat ion and
.\estcio rel v o fo i threser e hol s nnW le~l capacity - a ( thle nitinlier of accidlents an d (le atils In aviators

ps ,velophsioo."i thoslold revale tht, n a increase d rastically afteri agIe 60. the act nal cimt-off
samllil of 2.t)O active p)ilots, age differences wveref

point ofthe pilot's career. due to agiing. has not1
less mIn pressi %ye than wvould lbe expected froml 1 cen scienitifically establishled. Ini order' to ni'-

gerent ~ ~ ~ ~ ? olgclsMiisovh gme'l10)1 - r e at somne reliable ('Iit e:'ia for retirement froml
ln'-Ilfowevem',I. "overload coiidit ions" of filie fligili, 1. lae 1111111i)(e1S of pilots hlave b~een stlluliedl

in formaiontir (.i11?iui('ls ind~icaited a sinl 5)11 i)tO con- inl the pas't ini Several couiit ies, t1-loughi niedlical
-is 'len. ni -a . ye correat ion Wlith age. Th is con - e~auI inna i oils and 1)y ploysiooicl and p)sycllo-

I itionl has 1 ieeu interipiete :I,, as an cieased noise log. ical te(st s. In th IU lni ted St at es. there wvere

level inl thle remlit nliei'voiis sv5f em of the older. three lon"Itiidilnal stiildiesý Condlucted on airmeln.

pilots. or which tilie Oilne-ThIisa 1nd-A via t orS yis
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FiGuRE 12.-Age and accident ,,:tte, ini genvrn aviatimi piiuots (197-i- (lala.

m~till pursuedl at the U.S. Naval Aerospace Medi- at. the Lovelace F~oundation for Medical Educa-
cal Center in Pensacola, F~lorid1a. H-owever. thle t ion andl Reseairclh onl a samplle of 250 azctiVe
attempt to assess thle. pilot's critival functional pilots Showed that rescrvo Channel calpacit-% and
chianges (lite to aging inl the rap~idly changing task overloaid Conditions corrie~lated linegatively
aviation envir-onnient. over ]olon- per-iods of time with age, tile fact notwiths~tanding that mlost of
anil to apply the finthiiis to the (jetermnination the p)ilots were below the agre 00. By and large.
of career endpoints presents, formidable meIthodl- syvstejnatic inves4t igations andl factor analyses
ological and( pi-actical obstacles. conlcerninýjjz fiunctionll1 age chiange and aviator

Different. approaches have therefore been used pr-oficiency~l of older. pilots are not a1plenty.N
to determine the physiological and psychological Inl the area of behiavioral sciences. lpsychio-
effects of agingr and their- relationships wvith metric mleasures ha.ve beenl used successfully for.
flighit safety. Tn 19.53, a studlv condulcted byv the assessilng a-0e difflerences. Excellent surlvey.s of
American TInstitute of Research for- tile Ilnitedl thle state of tie art were griven br D~ennis (19)3)
S~tates Air Force was publishied. inl. which the and r-ecent lv hr Scliaie a1nd (Tribbin (197.5).-- r
critical incident. techinique was used to define b~e- The latter conltivlded lint thle ps~ych olo.-y of
haVior- thalt. was thought to lIe a 1*eCtedl~ h 1r ae. a gi rig_( has matured a great deal durin , r lie past
Five rears l at er. scientists dleveloped a 1 at terr - ras. There has 1 neenI a Significalit Shi ift of
of pSvchjopjlNrsiologrieal tests for the( aSSVlelsmet i ntcre-st from unmcsuri-ng, differenices towards the
of' age di tel( nne nai cc elrr c. (1rect ex plica tion of age0 changes h 11r manls of
Nt was found t hat thle physical abi lit ies of thle descriptive as well as experilieieta 1 st rate5.ries.
irewnmIen(llibers ilecle-iael %withi age. part vicumlarlr Moreover. dissatisfaction with chronlological age
lie capacity of' tw lie111nitan organlism to resýist as the Independent varialble inl -0erortolo-ical

ratigne1 and Sustained denmia1lids. Measure-cs of studies lhas led to ali exaimiliationl of tile ýonlcept
Inier I 11 anid neImuIraI l founIt ionI s t aken 1).N scielit Ist S orf luint iolial az Firoict ional ag-e wvould be a

20



conlvenienlt Ii let d to applyl to problem1s11 of vail- wivch letaUi neu experence. judl gmi ent. and( reasou-
alret ireitic nt. The %vealth of' hiiioin ationingii]ite emI oolii(IetViel n in

a,-ailable, in the fields of experimi entatl j)5'yehol ogy. vnil oltroa, insio 'l l~ a
applied p)hysiology, and~ gerontology can lie con1- (letel luiliell. Thie point1 which is critical is that
sllltedl in this effort. They show age-related doe at. which thle (0111 jpelsatolv niecinaiismns filn to
creases in a w~ide variety of functions. such as neutralize thw (leteorated functions iW older
reaction time, umemory. compllex performnances, pilots. The piloting of aircraft thien iiav he-
manual skills, visual, tactile, andl aud~itory peri- collie hazardous. Thle studies rep~orted awd re-
ceOptioni, cognitive and miental ab~ilities. ]earning viewedl fail to indhicate how that. poinit can be

adother processes in different p)opullationi illiiel
samuples including, exp~erienced p)ilots. There, is no psychioplivsiologic age index"

Generally, abilities to perform hig-hly skilled available that canl be reliabl *y applied for
tasks rapidlly, to adapt. to new and changing en- (determuining, the perforimance of airline pilots.
vironniental situations,, to resist fatigue, to main- H owever. the (leveloplillent of such anl index ap-
taili physical stamina. andi to perform effectively peaurs feasible and therefore should be puirsuedl.
in ai compilhex and stressful elivironullent. lbegin to At, p)resent! thle Isychiop)lysiologic cutoff point.
(decline in earcly middle life and continue to (de- o)f the age-related pfoian-dgdtoncurve
cie atI arysedyrt hratr for p)ilots has not 1 eenl determlined1. The finding"s,lie a -i farlystedy ate threat(r3o this su rvey suggvlet that So11e of thew criticalOne of the imost critical requirements in regardl funictionis deteriorat e during the sixth decade:
to [pilot. Lerforlnance-llanely, informiation pro- sonne persist af ter the age, (60 is reached. As a po
cessili-is jeop~ardized in older pilots because of vsr ouint ieae ~o~l nteccpt
the risk of "overloading" of the channel ca[pacity it is reconiiiended that older captains should
of the cent~ral nervous systemi. The extent to always be paired wvith youngrer pilots.
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